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Description 

BACKGROUND OF THE IfWENTION 



15 



""'"SLrai attamots have been made to produce Insuin. and especiaHy human msulln by means of the 
^JSSt^SJ Xh^^ S^ean ^nt puWlcation No. 0055945 A the praparatton of pro,n8Uhn or 
^ T.»^^r^b. dSSSi ThTprocess incJudes expreaaion of a chimeric polypeptide, in 
mimproinsullns from ^^^^ ™ K^fdnnation of disulfide bonds betv^n the A- and B- 

sin:.2r<rr^dSr*C'b^ ^,^2^ 

20 pZn pubncation No. 88701 the preparation of modified prolnsuilns wrth a mow or less shorlBned O- 
oeotids by transfonnatlon of E coll is suggested. _ p «»h is usad 

SllJ^af proteins heterotogous to yM8t is described In Binpean pelent pubitadlon Ncs. 0088632A. 

"'TiiiiS'S'^Ji^ng -pre-iHoinsuan in yeast and processinfl and secretjonof ^^P^ 
.pre-^inT. SSS^in Soje^n patent P«bncatlon No. «^21«a4 it haJ^h^^ 
ti thTappficarts that Insulin prBCursors of the prolnsuiin type are ^'^^^^^'T^ 
^eTrSng fr, very low yieids. if any. of secreted prolnsuiin or "S'-J^'",^ 
Ibx human prolnsuiin and proinauBn analogous with a more or tooSI 
sensitive to enzymatic deavages at the two dibasic sequences ftenWng the Cwti* "^"f^-jS^/ 
ST JiSaSS^cur estabHshmant of the bridges, vaulting in fomwtion «rf Opept.de. A. 

40 ctMdn and B-chain. 

THE OBJECT OF THE INVENTION AND SUMMAFtr THEREOF 

•n« nf Qresent invention is to generate InsuOn precursors in high yields In yeast with 

'^^'^n p^urscrs of the prdnsulh, type IndudN, Ptr^rTin'SaJSCn^ 
Ibllowing table 1). DNA-sequences encoding the precursors in queston 

«JLm*iid iransfbrmed Into yeast according to the technique described above and In the toUowl^ detailed 

50 dKil ?n^«SSfl^?t.nsuBn^^^ 

SSlesecSon«Klp«Lsslng signals fused upstieem to tt^ 

mn^flfiod MFol leader seouence was used In which the segment ancodlng ttw four last resttlues 
"S S^r^^. Tl« modlfled MFd leader -"^'-J^^^^ 
^Z^^Z^u^nL LvsnAra which is then fused to the S'-termlmje of the peecuraor encoding Bene. ««« 

« SSTJ^^^^^SbSTw^ cleaved off in all the constn^ 

SSlJSt^^ uSSTto^ the InsuIn precu«cr genes. However. In all their««lhp«^ 
^St^^oSStlasU^ sequences flanking the ^peptide or a modified ^^P^P^J* P;~^^ 
SnSJSrSetae estabnshment of correcBy posiHoned disulphid bddges waa observed and no 
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^ .-™«^n«-™ molecule could be Isolated from the ferments 
Single chained unpwcewed P'^^'^'T^ of insuDn precursors of the ptoltwulln type, 

yeart can rwt be used as expres^ "^S^Tf^T^^^i^ ^ h"-""" ""'^ 
Surprisingly it has now been found *rt '^^^^.'^'T^^ dibasic sequence occurs In yeast 
one dibaate sequence (^^f^'^'^^'l^ ^^cS^^^lde bridges are obtained In high 
and single chained insuin precursors ^^^^^ ««»dlng the insulin 

oriHe'^rr:^ rstetTsuCi^ Caavage at Lya-Arg 

As Inaunn p^cursors of the present J'^^^JJw^i*^ further deBiia later the 

chain can easily be converted Into ^^;^''J^^:^^I^r^ human insulin. 



general formula 
B-X-Y-A 0) 



insulin precuracrs of the above fbrmula 0) are B-Lys-Lys-A. B-uys 

the fbrmer two being preferred.^ of all of the four Insulin precursors were 

When cuWvaUng such transfbmved IJ^^^^,, ^ expressed In the highest yields. 
Isolated from the culture broth. B^-V'^lf*^,'"*^''*;^ 

L)rdingly. from an expression le«. .^^ P"rtfled 
The expression products were '^'^^ j^J"'""™'^?^^ of the above fom>ula (0 arB 

vehicles comprise a replication »y*»^^ '^'^ JTZ^wl temihiator sequences. 

the insulin precuisore of the above fonn^ contain a 

, The expression vehlcte "ff^^^RJ^J^'^^ 

preregton ensuring diradSoo of the ^^P^^^f^^Tt^ occurring signal or 

product Into the growth "^"ZJ^^^S^ttX^ *«" 

I.. Cell 30, (1882). 933 - 943V repllcaBon In the host mteroorganlsm or capable 

•ma expression vehicle may be a ptewnid "Pf "l* 3'2!^b,^ may code for expression of 
0, irtsgradon into r.^SSA^S:::r:arseSSSS^ ^ 

Of «2 TPl (trlose P»«3Pf|a^Is^ wJJSTrtSiscriptkm tennlnator sequence. 

The DNA^wiusnce dE^ '^,"f„j2L^Tl^^ ^"^^ 
to p«fw*ly a temtinaior sequence from a gene Indigenous to the yeasinosi, b 

gene or the ^ ^hetlc DMA-sequences encoding the insulin Pf^^oMmdf 

The present Invenllon also prowiaes novei aynowu*. ^/"T. h« |„ „Hro looo out mutaaenesls of the 
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10 



15 



20 



2S 



Biotogicai Chemistry. 2AQ (1971). 0788^). enzymaticaify convertng the Insulin 

"^^^ly. th. present ■^'rT^^Zl^^SLJ<>n aqueous solul^o. 

M«e B Zresent at *e ^^'^'^Z'^^ ^iSST^rna. insulin was about 50%. 
out at about neutral pH and slightly "^,^^^^^0^^ of the type B-X-Arg-A. In such 
Better yields were obtained by a two step com^ ^^Z^^SxA is isolawd and is then further 
t^neTconverslon trypsin is used in the firrt ^-^^^^^^^ at high pH. for instance in the 
2^ with cart^xypeptldase ^ S^S^JumanLon was about 80% To 

f^e of 11-12. and at low temperrtwe (abo^ J „„ J^^ro add residue placed at position B32 (see fig. 
obSn a high yield in *e ^.^^^ ?X rSuTL sttTmS^hr poleiy charged and acc^^bte 
1) must be argenlne (Y « Arg to™^'>^ bIJSJo-A might be the most preSarted precursor as it is 
^ trypac cleavage. Accordlrjy. ^^^J^^Zl insulin In very high yiekte. 
expressed in high levels « yMSt and '^J^^' ^^„g human InsuBn by which a yeast strain 
Rnally the present Invention f>^J,!^J;^^om^uenca encoding the Insulin precur- 
.anslbnned w«h a ^^^^.^Sdt a'^S n^ mSin. ^ Ihe lnsu«n precursor, are 

:::^nrss^i;n^^ eo,^ w. 

systems may t» used as wen. 

BRIEF DESCRIPTION OF THE DRAWIN^ 

..wention is hirther illustrated with reference ^^J^^ «^ " 
Rg 1 Ztrates the structure of the insulin pre«^rs ot fdrmula % 
rt 2 illustrates the prepareUon of ptonid pWre/J. 
rJ. 3 illustrates the preparation of p asmW pMTMB. 
Rg. 4 illustrates the preparation of ptomW pMTW. 
r2. 6 illustrates the preparation of p temW pMmi. 
rS. 6 Illustrates the preparation of ptesmW pMTMO. 
Rg. 7 iHustreW the preparation of plasmid pMTB5B. 

' '^Rg.Sillustrat.sthelnvllrecorwentooofB.Ly^Alntohum^ 



DETAILED DESCRIPTION 
40 i.55parafionofage^ 



so 



ss 



~~ ' . o««iwto. A.E. McDonald. H J. & Rutter. WJ.. Biochemistry 18. 

Total RNA purtHed (Chirgwln. J.M. ^'^^J^L^^S^^\ g.. Vuust J.. Norrls. F.. Norrte.!?:. 
0979) 5284^ »rom human pan^ J«» SJ^^STuS SciW 2868-2889) with AMV reverse 
Wind. A.. Rehfeld. J.F. & Marcwr. ^ prewrellve urea-polyacrylamide gel 

JLiriptase and «>(GCTTTmCCATCTCTC) as 1^^^ ^ DNA 

purification of the human V^^^^^^. ^^^tt^BC. After Si midease digeslion the 
Symerese large fregmert and dlCAejTCACTQTC^i^ ^ 

ZL prelnsulln ds. cDNA ^ P^'^^^^g^S^'SSSw i £ 0«« 9. (1980). 287-305) in E colL A 
rtnsteras* and cloned In the Pstt site "^^^^^^^J^^onBih by restrirticn endonuclease 
correct clone harbouring the P^'^^J^^JZ Tt^l W. M^lhods in B^ymology. M - 
analysis and conflmted by n*'**'*' ^Jj^'f^i^^^^ USA. 74 (1877). 5463-5487). 
JSl). 499-680. Sanger. ^•J^J^.'^^^'J^t^i^r^ oaed Ibrthe isoiailon 
■n» 1. and 2. strend prtmere. QCTTTATTC^T^arw ^3 using the 

of a human prolnsulln cDNA clone J^S^'J^^y Ite 81^ and K Hakura Nucleic Adds 
phophotrfcwter appreadi on a polystyrene support (H- Ko. Y. Ike. a. iKaia, 



RMeardilO.(1982). 1755 - 789) 
2. PreparaHon of oenee eocodino B-XY^ 



4 



EP 0 196 681 B1 



, « -^«n« B^vs^wA. B4.ys-Ara-A, B-ArjK.ys-A and B-ArQ-Arg-A 
Genes encoding the four InsuBn P'««^^i'!j;^ ^uman pS^Bn sequence &C-A In dicuter 
we«» made by Ineertton of a <™9'™«1«:^'^^^ proinsulin sequence 

dngle sWnded M.13 bacteriophage vector "^^J^'^^'^n^ and KFN18. respectlve»y. and 

dWofts. The four deletion primers are as ftollows: 



18 KFN 
4 



Sequence 
TCCAOUVTGCCTCTCTTAGTCTTGGGTGTG 
18 TCCACAATGCCTCTTCTGGTCTTGGGTGTG 
TCCACAATGCCCTTCTTGGTCTTGGGTGTG 
TCCACAATGCCCTTTCTG6TCTTGGGTGTG 



41 
42 



90 



98 



2S 3. Pla8midcor«truc«on8 

promoter (TPW (T. Alber and ^-J^^'^^^.^^^^), «» MFal leader sequence (J. Kur^ 
Ssao^asmyws ^^rt^ ^MF^ -rFector Precursor Contains 

,,,ffXT?ef8i5wE:.-S5S55? of aYe^ Sn^SaS443) and Ihe ttarwcrlpBon tenrtnaUon eequenoe 
four Tandem Copies of MalurecrFtetor-C^ ^ 3„^„ a high tma 

from TT.I of S. carevlslae TPlr. ^^^JS^^fe S^L^ScH^^^ «Wch can eflWthe 
franscriptton f5 the Insulin P^""*^*^^' SSi^to aSnSS ««c««on into the growth 

localization of InsuBn precursor Into the secreory pmmwy 

80 0103408 A. 
4. Transfbrmation 
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10 



1$ 



for a plasmid which contains a gene codng for TPI. 

cultures of 1 litre each .n ^^^^^^J^Z^^^^^ was removed for further analy«8. 
of apprw. 15 (appiox. 48 h). After <»*S^.J™ u. Diabetologia 8 (1972). 260- 

ImmSreectivB h^sulin (IRD S^oTST^^^ ^ constructions 1-6. 

288) use of semiayn^iatic J^^J^J^^^ "^S^nlZ used fo^ constructions 7.10. Forme 
Semisynthetic human insulin or <^ '"^'^ P^JXnan the expression level of immunoreactwe 

insuun precursor. B.Aro-Arg-Ciwtide.Lys^ (huma. Diabetologia 

Ci)eptide (IRQ was mea«i«J by ^^.^Z^^^ «^ ^ as tScer and a guinea pig anti: 
IMISTS) 541-648. In this ^/ '^^^'^^T^^lXsTphysiel.Che^ 357 (1978) 761-757. 
hSman-Opeplide serum. M1228 (Faber. O.K. al.. ^^^^'^1^ used ^"antibody. Human 

S^STequally well with human ^^''I^^J^^ZaS^ e^re^o. ^ <^ 
proinm^Bn was used a. standard ^f^;^^ bro* of the twnsformed yeast 
immunoreacBve mauDn and immwwreactlve Opeptwe in <ne lenram 
strains aie summarized in Table 1. 



2S 
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20 



30 
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60 



1 
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S n S « 3 3 




M « <n ^ 



I I I I 



§ s § s 



i-l fH CH ^ 



f> ^ S5 
ev A o> 

s s 



vo o in <n 

^ *0 ^ 
\o ^ ^ m 

^^^^ 



; I) 

•H C 



S 



f f f f 

I I'll 
f 

J) lb ^ ( 



p- CO <^ 



it aoDMis from table 1 ttwt ttwre 19 a striking dfterenoe in the expression tevela 
,n tiX^SiZ and pn«irsor, of the proinaufln type. 1^. containing a pair of «llt«lc amino add 
58 flarildngtheC>peptid8oranKxJI^ 

B- CQmieraton of the Insulin precursors into human insujn 
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T.e converston ol tt,e insuln precu«or. in« hum« Insulin can be carried out e«her by a t«o 
enzymatic process: 

. , , Trypsin f \ 

1 ' B-X-Y A (1) 

^ , carboxypeptidase B i 1 

»o T 1 B A (2) 

B-X-Y A ■ ^ " 



illustrated by a brackel 



oral 



{ - 1 r ) 

20 

for bsuar inustratlon of the enzymatic daavage process. In the above formulas 



2B 



30 



35 



is the one chan insuBrt precurw (Rg. 1); 

fc-X-Y 1 

.3 ^ C^n .^unn ^^or ^^^^^^^^^ ^^"^ N. 32 tLy. or 

Arg) and residue Na 33 (AI = Oly) has been hydrolyzed. 

n 

, -.iho.wnaB.y.Y.AttisumlerstoodlhattheArandttieBKiiains 
is human insulin. In the remaining to™"!* B-X Y A ft .s unoersiooQ 

ciosttl'paln and AciuomobacW ^^J'^^"^^^Z,^ purified carboxypepMdase B which does 

mixture. , ^«4^n,rtfl»ftBnthlv elevated ternperatures (from 35-40 C) and 

The one step '^'ZlT^^^^^^^^^S^ '3 about 5 ugAnl and 

80 at a pH of Horn 7-8. Ttie trypsin and carboxypepMsse B conwno 

56 dewaQewtihlw»in<Joe»«* occur. Howwr. in efl. 
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i-Lys-Arg-i 



tecritlcaHorahig^iyieldof 
10 B-Lys-Arg A. 



sever, system, ha. bea" * ^ plLr^rg^^^^'i^i^*-^^ 

svlm HPO*-/PO — which is normally u»d J'SjPT^ of a solutloo of HPO»- 

Sstm buffersystem suffers from 8we ^^^'^^^T^^^ 

^'te very sensSNe to ^^P^'^.^^i'tJS^ oiSff '^"^ ^" 
STvalue wHh 0.7 pH unlls. Second: Ca j^'^^JJ^ JTS^O. reteHvely tow- Third: It is not 
SredpftatBd bec«»e the sdubn^ *e^ffi momSLously due to .he action of the buffer 

Sle to acidify the digest mbrture (testoP "^f^JSn will durir^ adrfrfteaJlon result In neutral pH 

STa period of lime in which tvpsin has been used. THIS system does not 

25 i-X^Arq-A 



f5 



20 



Into 



was found to be about 20 mgfrnl of 



6-X-Arg k 



40 



SO 



fe-Lys-Arg A* 

The product of tryptic conversion 

6-X-Arg \ 

and lan«<change chromatography. 



56 canbeneartyquartHaavelyoonwertBdlnto 

n 
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5 



(human in3ul^n) by dlgwtioo with c^wwypepooaw = 
be about 5 mgAnl of 

fe-X-Arg k 



10 



A-Lys-Arg 



The conversion of the insulin precursor 
16 fc-Lys-Arg ^ 

(HPLC) and Is illustrated In fig. 8. 
20 Reterring to fig. 8, 

ugrtrt carboxypepBdase B (Bo*""fl«;>,«l^ 1 S)tiSj toT- wtth 4 N HCl and analysed by 
I = 2 mm. (B). t - 5 min. (C). and t - ^^^;^^'^rru^^ and IsocraBcally eluted with 33 mM 

Z'^T^^^^^^^'^ wa. «.P^ -tar 30 ... and a.«. was 
ad<ted to the digest mWiTO to 60% (vN). 

app;ar;i from fig. 8 that the product from the trypsin digestion 
I i-Lys-Arg ^ 



25 



30 



was nearly quantitattvely converted Into 



so ttecharartertzationoflhehiJBnaninauBnlnBicamplBia. 



EXPeroMENTALPART 



Example i 

* CoiwmKBonofay^ 

A« B, ^RV-Xba. and a3^ * e«m.Bx,RV fragment from PMT342 were llgated to a 0.6 I* 
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A. P285 contains the insert TPip wirai loouoi w-^ 

^ <^f«moMT342 and PM215 gives pla8midpMT462haitourtn8 the 1^^^ 
Ugalion of the above fragments from P»1^*^^P^^ Ic-A encoding fraBment Into a B-Lye-Arg-A 

,0 MF-lKr (minus Q'"-*^'::'^^ ^^i^.^^^J^S'^^^^ «^ ^ 

eroding fragment the modified ^^^^^^^J, Qh,.AIa-Qli.Ala).B<>A was inserted 
kb &»ni-Xba1 fragment from pMT«2 ''"^^J «fl8?t!^^^ rasuN DNAculvirtth Xba1-EcoR1. 
into phage M13 mpiO RF (Messing. -^^fl^ti^^S Incubaid w«h the 3(Hner deletion 
Single strand P^r*rii^^^3^Sir^C^'^<yrCACQACQ^ (New England Biola^; 

,s prtmer KFN4 and the """"versar IBnner Pf^^"^ .„ o^er to allow annealmg. Then 

Sated to 90- C for 5 minutes ^J^^^ ^ ^d^t^^S^Zr'a*! Polymerase and T4 llgase. Aft« 
partly double stranded DNA was made ''V wee cut with restriction enzymes Apal. 

Snol «*action. etharK,! predpitsjon f'^,,;^*^^ ,«yspeos«0fl. the DNA waa 

^1 and EC0R1. After ««olher phenol ^ ~« > 

„ llgaled to EcoRI-Xbal cut pUC13. "^^^^^ZTpMpmp^ ««* EcoRl and 

pLnids were prepared from a num^ 

XbBl and those preparations s*''^'?' J?^* '^UCi^ a 0 5 to Insert was selected. The sequence 
tt« retransformatlon a transfomvant by the Maxam-Qlibert method to 

Of the EcoRI-Xbal insert J^Silv^^A. lJlScti<S^^ pMT579 Is shown In Rg. 2 
« encode MFd leadar-(mlnua ^^^;^^;^2jp\^o and TPI terminator by ligation of a W 
The Xbal-EcoRI Insert from P'^*^«*°Jfl'Xl5SR^ of pTS- The construction of pT5 
to Xbal-EcoRI fragment P^^^^^f * JShS Tbo. 3. ««.lting plasmid pMT583 
harbouring the insert TPIp-MF-M«^«';^*-ir^ wee then c«t with BamH1 

cortaimnfl the insert TP'p'MW '^j^-^J;^^ cut wtth BamHl and Sph1^ 



35 



is shown in Rg. 3. 
Example 2 

^jjrtjjrtonofayeMtp^ 



40 



SO 



66 



~ ^ trrAoa fcaa (Mamole ^) was converted Into B-Arg-Arg-A by a 

The BK>A encoding ^"^^^^^^^^^ S^LSSte 1 by site specific mutagenesis with a mixture 
procedure analogous wtth the P«««i«jT^iS^t^ S ae lUuatrated in Hg. 5. The 
i the aomer detetion primer •f^a^', ^Jlmed bj the Ktoanv^lbert method to 

aeouence of the EcoRl-Xbal insert of plasmid pMTM9 ^ pMT?88 was 

STw^ teaderK^t"« ^l^^f^^^i^L^ Won^a^^W^^^ 

provided with the TPI promoter and TPI ^f^J^^^iJ^ containing the insert TPlp-MF-l 

id> Xbal-Ecom c!?S. BaJ^^ P«tSly with Sphi and the 

teader^rnlnus Gi.^a-Q..Ate>B^^^ pMTBll was used 

Exampie S 

0««^ofaye«tp!a«nW 

B^A'ancodlng fragment ^VP^^^^^TtS^^' :^':TJSJ;^is^-'^^^ 
procedure similar io the procedure '^f^f^'S^ ort^^ IlluSed In Rg. 8. 

Kner deletion primer KFN41 and ^T-^,*!^^^^^^ strSnded DNA was 

Aflsr filling in wHh Menow PO^^'^f^f^IS^irs^ ttSi^^ ^ P^'"^ ""^ 
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confirmed as described above. yw„.B«,m and the 05 to fraflment was Bgattd with a 7.8 kb 

Ptesmld PMT652 was cleaved j*«J:^„7;^^ ZSq plasmid pMTBSO contains the 
Xba1-Kpn1 and a 4.3 kb Kpn1-EcoR1 ^^[''^^^^^^s contains .he TPl coding 
insert TPIp-MF«l leader (nmnus ^^^'^^^"^'^^^.^Iw^i^^^ is illustrated in Rg. 8 ar»d tt«» constniction of 
gene (POT) from croT Tt« c«^^ F^^^^ ^ ^ pMT644 we^ 

r^844 is Shown in l=ig. 4. PlasmWs puci^ ..^ , di1«-,m rrfai Flo A) contains the Insert TPIp- 
Slstrocted as described for PUC13 CJel« et a,^) ^'"J/l^X ^V^^-^D. whe«. 8(1-29) 
MFd leader -B«A-TPIt with flanking BgE and a tonH1 .^^^^ A-ch^„ of human insulin. 

■?^r;:^n'ar.nir:^^ e^A^rde^*^. nurope. pa., app^on 
ooeeroi A. PMT850 was used for transforinailon of yeast 

Example 4 

^jj^nictonofptemid 

aomer deletioo primer KFN42 filH^ n wHh Klenow polymerase and ligation with 

derivative was chosen: after in v*omu^^ and>a«l andBgatedtoa7.8kb 

T4 ngase. the partly double s|r«>d«l DNA «s '^^^^^^l^^ was transfomisd into E. »n 
XbaH<pn1 and a 4.3 kb Kpn1-EcoR1 fragmerrt '^f^^T^JZ^^ olasmld preparation showing Xba1- 
Fm*) and plasmid prepared from * J^jS'tStS tf^^ 
LcoRI fragments at 0^-« ^Te^I^S^^ %m contains the h«ert TPlp- 

PMTB58 containing the 0.5 Mb but "^^^ Jlfjf "^^^^^ B-Arg-Lys-A coding segment 

rv^r^Tjr.s!^"c^^^^^^ 

was used for transformafion of yeast 

30 Exampte S 
Transformation 

S. cerevlsiae strain MT601 (E2-7B X ^^It^^-^.tSTto'^Cror" " 
« Baclyl5ra5fact.2*Bactopept^e.^^ 

100 ml of culture was , '=*2S?t^ 

resuspendad In 10 ml of 1 M eortttol. 2S "^*^^^^'^;ZX\n 10 ml of 1.2 M sorbitol. 10 
wS^Scubatad at 30- C for 15 mlnu«. ^^^J^^^^,^^^^ was Incubated at 

mM Na^EDTA 0.1 M sodium crtrtfapH ' "n"^ of iIm sorbHol and m 10 ml of 

« 30-C (or 30 minutes. tl»ce08 2«cW 

CAS (1.2 M sorbHol. 10 mM CaCb. 10 ^^^J^^ " ^Zc^^^PurOBi celte were mfa«d with 
„J^^ m 2 ml of .CAS^I^^^iS^S^ Tnl teSSTTTS mlm*«. 1 ml of 20* 
approximately l ug of ^^^^^ ^Ts and the mlxtirt Wt for further 30 

polyethylenglycot 4000. 10 mM <3aCla. 10 mM ™^ ^^"^ '^u^" resuspendad in 0.1 ml of 806 
« Sn^ at ««m temperature. Tf« mbA.« v«B 

M sorbitol. 33% v/v ^PQaL 6.7 mM C^%. '*^^^l^7^TM sorbtoL 6 ml of top agar 
«ape„8lon was then centrifuged anf P«'' J ^'^JS^ Sd Spring Harbor laboratory. 1(»1) with 
(the SC medium of Sherman at ^^fg^Sf^l'J'^^^ added and the auspenstan 

leucine omitted and '^^^Jf^^^^^'^^lS^^^ medium. Tmnsfom^nt 

po^ on top <!Vifl"f2S?^ SSSrSl used to start liquid a*.™., one such 

^T^^--^-^^^^^^ .^n MTS01 by ^s^ 

srirT la'ss^^'s - rmr oSi s'rsns: osm .sa .r. osm 



50 



9S 
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,iaa r<»»ci<vBlv DSM beino an intemaflonal deposltoy authorized under the Budapert Trea^ 1977 
r^s^SSie^rSve depoefts and accessibility *e,e«, by the put*: In accordance wrth Rule, 
9 and 11. respectively, of the abowe treaty. 

6 Example 6 

Purification of Mye-Arg-A from ygagt sgajn 1^ g3 (DSM 3^ 

V ii*r«Mmsi«3l941vwsattJwnonYPOmedlum.Aonellterculti«ina2litarbaf^ 
JZT^ ^-f toTSJlTofTAHer centrHUgadon expre«.on pnxiude from 815 mi of 
supernatant were Isolated as folloii^ wa^ed wHh 30 ml of 50 mM 

as prevrtously desofted. and Table 2 suminaitaes the punficaaon. TUe overalt yield was w*. 



to 



IS 



20 



as 



35 



Table 2 



80 



onr-ifieation of B-Lys-Arg-Afrora 


yeast strain MT 593 


Purification step 


Volume (ml) 


Immunore act i ve 
B-Lys-Arg-A (nmol! 


Supernatant 


815 


813 
620 


SP-18 column 


10 


Anti-insulin 
sepharose column 
Preparative HPLC 


4 

2 


450 
320 



Example 7 

6, P..Hfl^of B^VS^V«>-A. B.Arfl4.ys.Aandg^^a:j^ 
^^STfiW gdMTglg^M 3196). respectively 

""n^ above mentkH,ed yeast strains were grown as previously descrlb*^ 
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p^duds ^ purified frommm^ supernand, essential^ - described In exan,p.e 6. Table 3 
summarizes the overall yields. 

Table 3 



rs 



20 



Yeast strain 


Supernatant 
volume (ml) 


Peptide yield 
(nmol) 


Overall yielc 
(%) 


MT 655 {DSM 3198) 
MT 660 (D^ 3199) 
MT 616 {OSH 3195) 


750 ml 
500 ml 
600 ml 


689 
395 
301 


53 
38 
49 



Example s 

B-Uys-Arg-A was p.r.«ed as described ,n e«rnpte f- Jhe arjUj, add pepfl^ ^ 

compoaiHon was found: 



16 



30 



Table 4 



^mino acid anal gia of porified B-Lys-Arg-A 

- . II amino acid Po 

Val 
He 
Leu* 
Tyr 
Phe* 
Ly»* 
His* 
Arc* 



Amino acid 


Found 


Theo. 


ASX* 


2.92 


3 


Thr 


2.77 


3 


Ser 


2.59 


3 


61x* 


7.01 


7 


Pro 


1.37 


1 


Gly* 


3.95 


4 


Ala* 


1.03 


1 


1/2 cya 


5.47 


6 



Found Theoi 
3.71 



1.62 
6.03 
3.83 
2.93 
1.96 
2.01 
2.08 



4 

2 
6 
4 

3 
2 
2 
2 
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Table 5 



Amino 



[Cycles 



L^^ ..cpence analysis of purified 
- 1 PtriWno acid 1 ^^ ei<^ 
residue 



TO 



IB 



20 



90 



50 



T 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

le 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 



Val 
Ash 
Gin 
His 
Leu 
Cys 
Gly 
Ser 
His 
Leo 
Val 
Glu 
Ala 
Leu 
Tyr 
Leu 
Val 
Cya 
Gly 
Glu 
Arg 
Gly 
Phe 
Phe 
Tyr 
Thr 
Pro 
Lys 
Thr 
Lys 
Arg 
Gly 
lie 
Val 
Glu 
Gin 
Cys 
Cye 
Thr 
Ser 
lift 
Cy» 
8«r 
Leu 
Tyr 
Gin 
Leu 
Glu 
Asn 
Tyr 
Cys 
Asn 



B30 



Al 



A21 



977 
2100 

951 
1327 
1717 

938 
184 

591 
718 
777 
363 
491 
408 
723 
724 
631 

187 
239 
413 
240 
456 
425 
223 
78 
109 
158 
59 
94 
58 
56 
179 
103 
83 
136 



17 
trace 
53 

trace 
60 
43 

trace 
64 
40 
29 

trace 

30 



The average repetitive yield was 44.14. 



sff ExampteO 
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PepUd. material was purified ftom the above mentior«d yeast as ''"^'f *^"''lf^ 
pephX^re submrtled to amino acid sequence analysis as descnbed m ««^Jf 

fnof shown> it could be concluded *al the dibasic sequences linking the B- and A-chahi were Lys- 
^Sll 5^) (vi MoTS Ai^-Arg (WT 816). respectively. Purtlied peptides we.* subn,!^ to 

iSnSiriiS'i in ^p3 7. The amino add composition. ^ Ibund In accordance 

with fte theory (results shovwi only for B-Lys-Lys^). 



Table 6 



&rn{no Mid analysis of purified B-Lys-Lys-A 


toino acid Fovmd Theory 


Amino asld Found Theory 


Asx* 2.95 3 
Thr 2.77 3 
Ser 2.59 3 
Glx* 6.92 7 
Pro 1.14 1 
Gly* 3.95 4 
Ala* 1.03 1 
1/2 CVS 5.44 6 


Val 3.74 4 
He 1.6B 2 
Leu* 6.05 6 
Tyr 3.84 4 
Phe* 2.97 3 
Lys* 2.94 3 
His* 1.96 2 
Arq* 1.05 1 


*) Amino acid used for normalizatioa 



50 



85 



Example 10 

CoBvtrsion of &4.y»Aig^A inte human inaulln (one a>^ proo^ 

10 mg B-Lys-Arg-A was dissolved In 10 ml of 0^ M TWS-HCI buffer pH = 7.5. J* «|«|ton 
heated to 37- C»d50 ug trypsin (NOVO Industri A«> and 50ug cart)Oxypeptldase B (BoehringeJ toft 
7J^ «s«*id to time zero. /«lquots Of the taction mMuje "IT "T,* ^T* 
oSTa mm.. 10 mm. 40 mm. and flO mm. The enzyme reaction was stopped by acidtflcatlon of the 

'^S^S^r^'tfTuJs^l^i'into human insulin was follow«l by rev«ee phase HPIC on a 5 u HP 0- 
18 1) uLsll (Machcrey Nagel). The A buffer co«l*|d 

« oH^ i£ with HaSO. and the B buffer was 45% acetonHrlle. 0.15 M (NH»hSO*. 1.6 mlW HiSO*. The 
StSL, ^ Jel!SS^m an isocratio system u^^ 

SaThe tem^ of the solverrts and column was 30* C and peptides >«/«J«^^2l4 nrn^ 
The ootimal7eld m the above one step process was obtained after 10 mm of .ncubatton At tWs time 

the mbS conSLi of. 45%Znan insu>n. 10% »3e.««««««iJ «% A,g^««">«' <" 

orterlD hciease the yteW olthe conwwalon a two step piocess was designed (Bomple 11). 

Exampte 11 

Conversion of B-Lys-Arg-A into human Insulin (two step process) 
26.4 ml of HaC was added to 471 mg 
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10 



18 



20 



25 



30 



i-Ly»-Arg-i . 

(method given in Example 10) was 91.5% of 

ft-Lys-Arg A 
and the main part of the remaining 86% was ufuflgesled 

ft-Lys-Arg-A. 

The product 

(A-Ly8-Arg k) 



40 



46 



90 



69 
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Table 7 

fv«^Bion of fr^Tys-Arcf-A ijito htioan hmOisi 



Step 



10 



20 



2S 



Starting material 
tjyptic digest 
HELC-pc»l 



Prodict 



B-Lys-Arg^ 



1 



a-Lyarfttg A 

I 1 

BrLys-Arg A 



(huaan insulin) 



B A (hanan insulin: 



Yield (%) 



471 
431 
399 

379 
359 



100 
91.5 
84.7 

80.5 
76.2 



Example 12 

Conwftion of B-Lys-Lya-A into human Insulin (one st^ pro^^ 

human insulin as judged from HPLC was 48*. tob " 
De»B30-insuBn (9%) and mbwr urtdartWed componerta 

38 Exam^ i3 

Chaiaeteri ggongtwiign 

Human InsuBn was p,Bpa«d as described in ««mpte 11^ ^T^Sl!;,;;^'^^ 

5i,a^sfimSd p<W was 28.1 l-Uymg (p 0.05 confidens limits: 25.7-30.7 WMg) using *. 4th 
givdn in Table a 



40 



so 



S6 
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Table 8 

Amino acid composition of htman insulin prepared 





ftTiiri'^ reBidue/raoleculc 


Found 


Theory 


Asx 


2.95 


3 


Tnr 


2.90 


3 




3.00 


3 


Gix 


6.95 


7 


pro 


1.06 


1 


Gly 


3.95 


4 


Ala 


1.04 


1 


1/2 CVB 


5.65 


6 


Val 


4.10 


4 


lie 


2.00 


2 


Leu 


6.00 


6 


Tyr 


3.94 


4 


Phe 


2.93 


3 


Lye 


1.01 


1 


Bis 


1.96 


2 


Ar9 


1.02 


1 




(5.60) 


(61 



Ctaims 

1. DNA«quecK»encodngahuman1mwynp«cutsorofth9fcxmulB 
B-X-Y-A <D 

who^ln B and A *8 B- and ^chaln of human inaulln croaaBnked aa In human insulin and wharain 
X md Y ara each lySne or arflinlne. 

2. ReplicabteaxpraaslcnvaWcte capable Of exprasslng a DNA^ 
a. A mrthod of produdno human Insulin piBCUfsora of «ieltorrnula 

B-X-Y-A (I) 

. j..^ o A «• «!« B- and Archain of human insulin crossl&ikBd as in human insulin and X and Y 

precursor Is rewvered from the cultifl« 

4. AinetlMDdforprodudnBhumanlr^linv^ 

comprising a DNA^uence encoding an Insulin precursor of the formula 

B-X-Y-A 0) 
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tn which B and A are me B- and A<*ain of human Insufin crossnnked as m human insulin and X and Y 
am ^ lysine or arginine, Is cumvated In a suitable culture medium and the insuim precursor Is 
recovered from the culture medium and converted Into human insulin by enzymatic treatment 

R A method according to claim 4. wherein the insulin precursor of the fonnula 

B-X-Y-A (1) 

In which B and A are the B- and A^ns of hum»i Insufin crosslinked as in human insulin and X and Y 
are each a lysine or aiglnine. is converted into human insulin by treating an aqueous solution of the 
insulin precursor with trypsin and carboxypeplldase B. and thereafter recovering the human insuim from 
the solution. 

R AmelhodaecorxflngtodaimSfurthereomprisfngaone-etepdualenzy^ 
carboxypeptidase B. 

7. A method according to claim 5 further comprising treating the Insulin precursor with trypsin and 
thweafter treating the reaction product with carboxypeptidase B. 

8. A method according to claim 7 further comprising conducting the trypsin treatment at a pH in the range 
of pH 11-12. 

Revendlcations 

1. S4c^ience AON codant pour un prScurseur dinsuline humaine de la formule 
B-X-Y-A (I) 

dans laquefle B et A constituent la chaihe B et A de TlnsuBne humaine rftlculfe comme dans Tinsuline 
humaine et dans laquelle X et Y repr^sentent chacun la lysine ou l^arginlne. 

SL V^lcule d'expression i^piicabla pouvant exprimer una s^uenoe ADN selon le revendication i dans la 
levure. 

3. Proc6d6 destini h prodiire des prScurseurs dlnsuHne humane de la Ibrmule 
B-X-YnA <l) 

cbtns laquelle B et A constituent la chatie B et A de rinsuilne hianalne f«lcul6e comme dans nnsuQne 
humaine et X et Y repr^tent chacun la lysine ou Targinine. oft una souche de ievure transform^ par 
un vWscuie d'expression comprenant une rfquence ADN codant pour ie prfcufseur d'Insuirne est mise 
en cuKue dane un mlOeu de culture appropri^ et le prfcuraeur d'lnsuline est rdcup^itf k partir du 
mtlfeu de culture. 

4. Proc6d6 pour la production d'lnsuline humaine. dans lequet (a souche de levure transfbrmfie par un 
v^hlcule d'expression comprenant une sequence ADN codant pour le prfcureeur dinsullne de la 
formule 

B-X-Y-A (I) 

dans laquelle B et A constituent la chaihe B et A de Wnsullne humaine nSflculde comma dans nnsulina 
humaine et X et Y reprfsentent chacun le lysine ou I'artfnina. est mise en culture dans un milieu da 
culture appropritf at le pi*aireaur tflnsulina est r4cup6r6 h partir du mileu de culture et convarH en 
insul&rw humaine par trettament anzymaliqua. 

5. ProoMA salon la revendication 4. dans lequel le prfcureeur d'lnsuline de la fonnule 
B-X-Y-A (I) 
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B at A sort tes chalhea B et A de I'InsuBne humaine rfilcu«e comme dans Mnsulliw 
?!^Tx!t Y^lSrtrt«S-t la lysine ou I'argfnine. est convert en insuline humalne par 

s ensuiteBnr*aif^rantl'fnsu8nehumalne8ipartirdel8«oluBon, 

6. p,oc6ddseionlarB«ndkation5.comprenantde^^ 
4tape avec la trypeine et la cartxjxypepBdase B. 

„ 7. Proc^ddaelonlareveruflcaltone.oomp««amdep.^ 

S^"etenaultetetra«ementduptodultrfaotk»ir«J8veeta<^ 

8. prorfdi aeton la revendicaflon 7. compreoant de plua te 
valeur de pH sltufle dsns la piage de pH 11-12. 
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PatentansprUotie 

1. DNA-Sequerw,(Jl««reln«nHumanln«ulIfrVo^ 
20 B-X-Y-A 0) 

codlert wobel B urKi A die B- und A-Kstte von Humaninsulin slnd. vertaiDpft wie In Humaninsulln. und 
X ufid Y jeweils UysJn Oder Artfnln sind. 

« Z R.plUdert«eaExp«aatenev.hltel.da.lnderl^ia^e.n^ 
exprlmleren. 

1 VerfahiwzurHeralBnunflvonHumaninsuIin-VWaufemderFbrmel 

30 &-X-Y-A 0) 

. ^ o «4 A HtoB-uirf A^KiBtlB von Humaninsulln 8ind.verknQpftvrte in Humanlsul^^ 

4. VMihren zur Herrtrtiunfl von Humanteuim. bel dem ein HefWtamm. der milelwm Expreaaiomwehltol 
SSiri*rei2DNA«equenzenMlt.dieelnenln8«li^^ 

40 B-X-Y-A (I) 

Voraufw ai» dam Kiltannedlum gewonnon und durch anzymattoche Behandlung zu riuman.n»u 
« umgewandeR wird. 

6. VerfahrennachAnspnich4.dadu«*flrt«nn2el*nrt.daBainln8ulin-V«^^ 

B-X-Y-A 0) 

in der B und A die B- und A-Kett8 von Humaninsulln slnd. vatknOptt wIe In HumarinaiUn. 
ISL oS Arglnin sind. dadurch zu Humanlnsuin ""O^^f Lft.i'^.^TjS^ 
iSlnZaufer, mlt Trypsin und Cart«xypeplldaa. B behandatt und danach das 

Humanisidn aus der LBsung gewonnen wini. 
8. veffahrennad,Anspruch5.«il»rgetefln»lchnetdun*eft»9l^ 
Trypsin und CartwxypeptldasB B. 
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VeHahren naeh Anspruch 5. weiter gekennzsiehnet durch das Behandaln cfes InsulirvVoriaufera mtt 
Tiypaln und das anschBeflende Behandein des ReaktionsproduWes mit Cartxwyiwplidaw B. 

Veffahren nach Anspruch 7. welter gekennieichnet durch das DurchfUhwn dec Trypsinbehandlung bei 
eimm pH Im Bereich von pH 11-12. 
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Fig.5 
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Pl9. B 
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